noted that vasopressin decreased renal blood flow in the unanesthetized dog, but they used relatively large doses. From subsequent clearance measurements of renal blood flow and glomerular filtration rate, it was concluded that diuresis and antidiuresis were unrelated to changes in renal hemodynamics (24). Thus, emphasis was focused on the purely tubular effect of ADH. However, with the introduction of the concept of countercurrent exchange in the medulla, attention was drawn to the control of blood flow in this region for maintenance of the hyperosmotic interstitium (3), but recent studies suggest that ADH at physiological levels has no medullary vascular effect (1, 29) . The role of ADH in regulation of cortical blood flow has not been studied. We have therefore investigated the distribution of renal blood flow in trained, unanesthetized dogs with diabetes insipidus (DI) using the 85Kr method (28). Our studies demonstrate that outer cortical flow is increased, whereas juxtamedullary cortical and outer medullary peritubular flow are reduced in DI. The major change in vascular resistance appears to be localized to the glomerular and postglomerular vessels. These observations suggest hormonal regulation of tone in c this portion of the vascular tree.
MATERIALS AND METHODS
Mongrel dogs (20-30 kg) were trained to lie quietly for periods of several hours on a cushioned table in a quiet room. Training was easily accomplished and the effectiveness of the training was indicated by the docility of each animal.
Resting heart rates never exceeded 55-60 beats/ min during the observation periods and occasionally the animals would sleep during the course of an experiment. The animals were maintained on a constant diet of ground horsemeat supplemented with cereal pellets. Free access to water was allowed.
Urine was collected in a pan placed beneath the metabolic cage. Each animal was exercised twice a day. A solution of diluted milk containing 10 mEq of sodium per liter of solution was given the animals when daily fluid intake was to be augmented.
Chronic infusions were performed with a portable Sage pump (Sage Instruments Inc.) strapped to the back of unrestrained dogs. Both chronic and short-term experiments were performed in the study. In six dogs chronic studies were made over an g-month period, with serial determinations of renal blood flow and simultaneous measurements of fluid and electrolyte excretion.
In seven additional animals, short-term experiments were conducted to obtain autoradiographs and silicon rubber (Microfil, Canton Bio-Medical Products, Swarthmore, Pa.) injection specimens of the kidneys as well as renal blood flow determinations.
Chronic experiments~ After satisfactory training, either of two operations was performed as the initial procedure. In two dogs an hypothalamic-hypophysial tract section was performed as the first procedure and was followed in 7-l 3 days by placement of polyvinyl catheters in the renal artery and in the abdominal aorta. After vascular catheterization, four other animals were allowed to recover until distribution of renal blood flow was normal (usually 1 O-14 days) before hypothalamic-hypophysial tract set tion was per-
formed. An episiotomy was also performed in some of the dogs. In one dog, implantation of renal catheters and tract section was followed by the urinary bladder splitting operation as described by Desautels (9 For the measurement of the distribution of renal blood flow, the 85Kr method was used as previously described (28). The washout curves were analyzed graphically into four components.
The regional flow rate (k) in milliliters per gram per min of perfused region, the relative volume of each region, the percentage of radioactivity entering each region, and the flow in milliliters per 100 g per min of kidney were calculated as described in previous reports (7). The total renal blood flow (in ml/ 100 g per min of kidney) was estimated as the sum of the flow in the first two components; this method has been validated by direct measurement of total renal venous effluent (7, 26) . To verify that the elevated cortical Aow in DI was not the result of the high urine flow per se, in three normal dogs, prior to tract section, water diuresis (urine flow above 3 ml/min) was induced by acute oral water load (2-4 % body wt); flow rate in component 1 and calculated total renal blood flow were unchanged during water diuresis when compared to values obtained during basal conditions (urine flow below 1 ml/min).
Daily after preliminary injection of phencyclidine hydrochloride (0.4 mg/kg iv). A sustaining solution of 3-5 % dextrose and water was administered at the average rate of urine flow during the previous 12 hr. The right renal artery was catheterized with a small polyvinyl catheter as described above. After the measurement of renal blood flow by the 85Kr method, the kidneys were removed for autoradiographs at predetermined times after the injection into the renal artery of a standardized amount of "jKr. Auto-
1. radiographs were made from cross sections of the kidneys by the method previously described (28). At the peak of the initial diuretic phase following hypothalamic-hypophysial tract section, two dogs were quickly sacrificed by the rapid administration of an intravenous bolus of concentrated pentobarbital (500 mg/kg). Two additional animals were sacrificed in a similar manner 2 and 3 weeks after tractotomy during the permanent diuretic phase. As controls for the Microfil injections, kidneys were obtained from normal dogs with free access to water. Smmediately after the death of the animals, the kidneys were removed and quickly prepared for silicon rubber injection (4). One kidney was filled through the renal artery at a pressure of 150 mm Hg while the opposite kidney was filled through the renal vein at 25 or 50 mm Hg. The silicon rubber was allowed to polymerize and harden for 12 hr. The kidney was then cut into thick sections, dehydrated in increasing concentrations of alcohol, and finally cleared in methyl salicylate for examination and photographing.
RESULTS
The urinary excretion pattern of the dogs following hypothalamic-hypophysial tract section was similar to that described for cats by Fisher et al. (1 I). As illustrated in Fig.  1 , the diuresis began immediately after operation, reached a peak of 4-10 liters/day, and persisted for 4-7 days. Urine flow then returned to normal levels for 2-6 days, reportedly the result of liberation of ADH during the degeneration of the hypothalamic-hypophysial fiber tracts (22). The second, or permanent, diuretic phase became apparent 7-10 days after tract section, and urine flow remained relatively constant thereafter for the duration of the experiment (up to 6 months). With the dogs on a constant diet and with free access to water, the daily urine volume stabilized at a level below the initial peak diuresis and at a value characteristic for each dog. The magnitude of the diuresis, however, differed from dog to dog, varying from 2 to 8 liters/day. The urine from each dog was hypotonic to plasma during both diuretic phases. Measurements of renal blood flow were made in each of the three phases: transient phase, normal interphase, and permanent phase.
Transient @me. At the peak of the diuresis following hypothalamic-hypophysial tract section, renal blood flow was markedly elevated. The augmented perfusion of the kidney in the absence of ADH is illustrated in the data from three dogs (Table 1) showing a rapid flow rate in component I with a large percentage of total blood flow in this region and a high total renal blood flow; the flow rate in comfionenf II did not change significantly.
Similarly, in dogs with DI maintained with a constant infusion of physiological dose of vasopressin, total renal blood flow increased markedly when the infusion was stopped, as shown in Fig. 2 (dogs I and 2) Th ese experiments were performed 3 weeks to 5 months after tract section, when the animals were fully recovered from the surgical procedure. Vasopressin was infused systemically for at least 18 hr at a rate of 0.5-1.0 mp/min; then the infusion was suddenly stopped. The rate of infusion of vasopressin was in the physiological range, for the urine flow was not reduced below 600 ml/day with the dog allowed free access to water, and the urine osmolarity was 1 ,OOO-1,900 mOsm/liter. Random urine osmolarity in normal dogs, under similar conditions in this laboratory, may be 2,000 mOsm/liter or more. Blood pressure, during vasopressin infusion and after its cessation, was unchanged.
In order to establish that the increase of renal blood Aow after tract section was not related to the operative procedure per se but to the suppression of ADH release, one dog (dog 3, Fig. 2 medullary part of the cortex is provided by the autoradiograph taken at 70 set, showing that an abnormal amount of radioactivity is still present in the juxtamedullary cortex (Fig. 4) .
To define more precisely the sites of altered vascular resistance in the absence of ADH, silicone rubber microvascular casts of the kidneys were prepared.
Four dogs with diabetes insipidus were sacrificed, two during the transient diuretic phase, one at the onset of the permanent phase, and one during the permanent phase. Kidneys were also obtained from normal animals with free access to water and prepared in a similar manner. In the four animals in which ADH secretion had been suppressed, the arterial injection specimens (Fig. 5) consistently change the total renal blood flow, but did reduce the amount of *jKr delivered to the first compartment (Fig. 8) ; the flow rate in component I did not change. After the abrupt withdrawal of vasopressin a rapid renal blood flow was consistently observed within the first 3-6 hr. The results obtained during intrarenal infusion and after its withdrawal further demonstrate that the antidiuretic hormone has a direct effect on the renal vasculature when given in small physiological doses. Interphase. Renal blood flow began to decrease in the latter part of the transient phase. In two dogs flows were also measured during the interphase. During this 5-to 7-day interval the renal blood flow was stable, with a relatively normal rate and distribution.
In the experiment illustrated in Fig. 9 , during the early transient diuretic phase a rapid renal blood flow (715 ml/100 g per min) with 85 % of the flow in the rapid component (kr = 9.3 ml/g per min) was found; however, 5 days later during the normal interphase, renal blood flow had returned to normal range. Similar results were obtained in the second dog. Permanent phase. For the pilot experiments in this investigation, dogs were studied in the permanent diuretic phase of diabetes insipidus. During this period, as others have described (6, 15, 2 1, 36), a low and unstable renal blood was found. Blood flows varied as much as 200 ml/100 g per min from day to day. As shown in Fig. 10 Table 2 ; the mean values are obtained from determinations made during 4-to 18-day periods. However, renal blood flow was stable in only one animal. In the remaining animal wide fluctuations in renal blood flow persisted despite hydrocortisone therapy. The large urinary water losses of the dog with diabetes insipidus may produce a state of dehydration if the animal fails to ingest sufficient water. The altered fluid balance could result in wide fluctuations of extracellular fluid producing secondary or reflex changes in renal blood flow. A 48-hr systemic infusion of vasopressin at a physiological rate in two dogs with diabetes insipidus resulted in an increase in weight of l-2 kg, further evidence that these animals do not remain in stable water balance during the permanent diuretic phase. Moreover, we found that we could induce the animals to increase fluid intake by providing dilute milk as well as water. As shown in Fig. 11 
